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Industrial,  Deformable,  Sintered  and  Cast  Aluminum  Al],oys.  These 
alloys  are  oroken  down  into  groups  depending  on~thelr  properties, 
use  and  chemical  composition.  This  chapter  deals  with  aluminum 
alloys  alloyed  with  lithium. with  lithium  and  cadmium  and  with 
lithium  and  magnesium.  Research  on  proportions,  alloying  procedures, 
and  the  resulting  properties  of  alloys  (VAD23  and  01420  alloys  in 
particular)  are  discussed  in  detail.  Data  on  mechanical  properties 
at  various  temperatures  and  physical  and  corrosion  properties  of 
the  alloys  are  included. 
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CHAPTER  7 

1.  High-strength  end  Haat-raaietant  Structural  Alloy  with  Lithium,  VAD231 

Alloying  aluminum  alloya  with  lithium  results  In  a considerable  decrease 
In  specific  weight  and  an  increase  In  the  modulus  of  elasticity;  these 
characteristics  often  are  of  decisive  Importance  when  designing  aircraft 
equipment.  The  Introduction  of  lithium  along  with  cadmium  In  alloy  system 
A1 — Cu — Mn  causes  e significant  improvement  in  strength  characteristics.  The 
study  of  such  compositions  resulted  in  the  creation  of  VAD23  alloy.  The  high 
strength  of  this  alloy  at  room  temperature  is  combined  with  high  heat  resistance 
at  tamperaturas  up  to  223*  C.  Its  spsclflc  walght  is  lovsr  by  3— 3X  and  its 
modulus  of  alasticity  hlghar  by  5 — 8X  than  alloys  of  the  D16  and  V95  typa. 


^Authors:  l.N.  Fridlyanler,  Z.H.  Archakova,  V.S.  Sandlar 


VAD23  alloy  belongs  to  the  A1 — Cu — LI  system.  The  A1 — Li  binary  system 
has  been  studied  comparatively  recently  [1;  2,  p.  51.  p.  231;  3;  4]. 

In  equilibrium  with  aluminum  solid  solution  in  ternary  system  A1 — Cu — Li, 
according  to  data  [5,  p.  423,  6],  one  finds  the  following  six  intermetailic 
compounds: 

1)  6 -CuAlj— tetragonal  structure  (a  » 6.06;  c ■ 4.89  A); 

2)  Tg — HCU4AI75  (54. 9X  Cu  and  1.5%  Li1),  cubic  structure  of  CaF2  type 
(a  - 5. 825 *‘—5. 8328  A); 

3) Ti~Li3CuAl6  (53.8%  Cu  and  5.4%  Li),  hexagonal  structure  (a  - 4.96; 
c ■ 9.35  A); 

4)  T2-- L13CuA16  (26.9%  Cu  and  8.8%  Li); 

5)  i-AlLi,  cubic  structure  (a  ■ 6.37  A); 

6)  R-~  Li3CuAl5,  cubic  structure  (a  - 13.92  A [71s) . 

In  a USA  patent2  and  work  [5,  p.  429]  a significant  increase  in  the  effect 
of  aging  of  ternary  alloys  which  contain  about  4.5%  Cu  and  1%  Li  from  the 
introduction  of  1%  Ag;  0.1%  Cd  and  0.05%  In  is  described. 

Research  on  surplus  phases  showed  that  cadmium  in  VAD23  alloy,  apparently, 
does  not  form  intermetailic  compounds  [8,  9].  Being  predominantly  in  a solid 
state  at  hardening  temperature,  this  element  with  subsequent  artificial  aging 
facilitates  Intense  work  herdenlng  [9 — 11].  According  to  data  of  mettalo- 
graphic  analysis,  manganese  in  A1 — Cu — Li— Cd  system  alloy  does  not  form 
compounds  either  with  lithium  [12],  or  with  cadmium  [13],  but  compounds  are 
observed  with  aluminum,  copper  and  sometimes  with  iron  and  silicon. 


^he  content  of  elements  la  presented  in  % (of  mass). 
2Lu  Baron,  USA,  patent  Mo.  2381219,  1945. 


An  analysis  of  mechanical  properties  of  ternary  alloys1  of  the  A1  Cu  Li 
system  with  0.5%  Li,  after  hardening2  and  aging  showed  th'* c,  the  increase  in 
content  of  copper  from  3 to  6%  increases  the  tensile  strength  to  approximately 
the  same  value  as  in  binary  alloys  without  lithium  (“  17  kgf/mm2)  [14].  With 
higher  contents  of  lithium  (1—4%)  the  difference  in  tensile  strength  in 
alloys  with  3 and  6%  Cu  decreases  from  5 to  0 kgf/mm2. 

An  increase  in  content  of  lithium  from  0.5  to  2.0%  in  an  alloy  with  3.0% 

Cu  results  in  work  hardening  at  20  kgf/mm2 , and  in  an  alloy  with  6%  Cu — only 
at  7 kgf/nsn2.  Relative  elongation  with  an  increase  in  concentration  of  lithium 
to  1.2%  is  decreased  by  2—3  times. 

The  ternary  alloys  studied  with  0.5%  Li  are  located  at  350*  C in  a two- 

phase  field  (A1  + T } of  the  compound  diagram  (Figure  93).  According  to  Sllcoclt'u 
data  [9],  after  aging  at  165*  C for  16  hr  one  observes  in  these  alloys  e 
single  work  hardening  phase  6*  (Figure  94)  in  quantities  which  ere  approxi- 
mately the  same  as  those  for  alloys  without  lithium  (apparently,  this  explains 
their  uniform  strength).  Alloys  with  1%  lithium  are  located  in  the  field 
(A1  + + Tj)  and  after  the  aging  mentioned  above  these  alloys,  except  6', 

segregate  phase  Tj  whose  formation  mainly  can  oxplain  the  changes  observed 
in  strength  and  ductility.  Alloys  with  2—2.5%  Li  are  found  In  fields  (A1  + Tj) 
or  (AL  + Tj  + T2)  and  are  characterised  by  maximum  strength.  The  decrease  in 
strength  of  alloys  with  three  or  more  percent  lithium,  apparently,  is  caused 
by  conversion  in  the  field  (A1  + T2  + 6). 


1The  study  of  properties  of  ternary  and  more  complex  alloys  was  done  on 
pressed  springs  with  diameter  10—18  mm  of  laboratory  manufacture. 

2 All  of  the  elloys  studied  were  quenched  In  weter  *t  525—530*  C. 
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Figure  93.  Distribution  of  Phase  Fields  in  the 
A1 — Cu— Li  Systea  et  300  and  330*  C [5,  p.  423] 

Kay:  a.  Cu.  X (of  aasa)  b.  Li  X (of  aases) 


Figure  94.  Segregation  Which  is  Forced  in  the 
Alloys  of  thu  Systea  After  Aging  st  165*.  16  hr 

[9] 


Key:  a.  (of  aasa) 


Quaternary  alloys  alloyed  with  0.7%  Mn,  1.4%  Li  (first  group)  and  7%  Mn, 
0.1%  Cd  (second  group)  were  studied  lu  freshly  quenched,  naturally  aged  (7 
days)  and  artificially  aged  (at  190*  C,  16  hr)  states. 

The  strength  of  alloys  of  the  first  group  Increases  with  an  increase  In 
the  content  of  copper  as  a result  of  improving  the  hardening  effect.  The 
maximum  tensile  strength  (of  an  alloy  with  6 % Cu)  amounts  to  53.5  kgf/mm2 
with  relative  elongation  5.0%. 

Alloys  of  the  second  group  are  located  in  the  A1  + 6 phase  field  (see 
Figure  93).  The  effect  of  hardening  of  these  alloys  also  Increases  with  an 
Increase  In  the  content  of  copper  from  2 to  6%  (from  3.5  to  12  kgf/mm2), 
and  ductility  at  the  same  time  decreases  by  8 — 10%.  Work  hardening  after 
natural  aging  la  weak  (0.8— -1.5  kgf/mm2),  and  the  alee  of  relative  elongation 
remains  large  (25—33%). 

The  effect  of  artificial  aging  increases  up  to  17  kg./mm2  with  an  increase 
In  the  content  of  copper  to  6%.  Relative  elongation  at  the  asms  time  Is 
decreased  by  approximately  2.5  times  (6  - 10%).  The  principle  of  change  of 
mechanical  properties  due  to  the  content  of  copper  in  alloys  of  the  A1 — Cu — 

Mn — Cd  system  is  similar  to  the  relationship  In  binary  Al— Cu  alloys  [15]. 

With  a content  of  4—6%  Cu,  the  introduction  of  0.1%  Cd  less  effectively 
Increases  the  strength  of  alloys  of  AI — Cu — Mn  system  than  does  the  addition 
of  1.4%  LI.  The  strength  of  alloys  with  cadmium  is  6—8  kgf/mm2  lower  than 
alloys  of  the  Al— Cu— Li— >ti  system  with  the  seme  content  of  copper.  However, 
ductility  of  alloys  with  cadmium  is  higher t If  there  is  insignificant  dif- 
ference with  4—5%  Cu,  then  with  6%  Cu  the  ductility  of  alloys  with  0.1% 
cadmium  is  approximately  two  tines  as  high  as  alloys  with  1.4%  Li  (5  and  10%. 
respectively) . 
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Figure  95.  Th«  Effect  of  the  Content  of  LI 
on  Mechanical  Fi'opertiea  of  Alloys  of  the 
A1 — Cu — Mn — Cd  Systen: 


a~ 22  Cu;  b — 42  Cu;  c — 62  Cu;  1 — Annealed 
state;  2— Hardened;  3 — Naturally  aged;  4 — 
artificially  aged 

Key:  A.  kgf/an2 


Figure  96.  Effects  of  Theraal  Treatment  Act.  of  Alloys 
of  tha  A1 — Cu — Li— Mn — Cd  Systaa 

a— -Efface  of  hardening;  b— Effect  of  natural  aging; 
c — Effect  of  artificial  aging 

Kay:  1.  kgf/am2 


Tha  affect  of  hardening  of  alloys  located  in  a solid  state  field  lncraasas 
according  to  tha  increase  in  concentration  of  solid  solution  both  for  llthlua 
and  for  copper  (Figure  96,  a).  Heterogeneous  alloys  with  6Z  Cu  and  0. 7 — 1.4X 
LI  show  tha  aaxlaua  affect  of  hardening  (14—17  kgf/aa2).  With  an  Increase 
In  con rent  of  copper  fro*  7 to  4X  the  hardened  alloys  with  llthlua  located  in 
a solid  state  field  Increase  somewhat  both  In  strength  and  In  ductility.  With 
a further  Increase  in  the  concentration  of  copper  (transition  In  a hetero- 
geneous field)  strength  increases  aoaewfeat  and  elongation  does  not  change. 
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Strength  of  alloys  in  a hardened  state  with  constant  content  of  copper 
with  a change  in  the  concentration  of  lithiua  from  0 to  2.8Z  changes  along 
the  curve  with  a small  maximum  both  In  homogeneous  and  in  heterogeneous 
alloys.  With  an  Increase  In  concentration  of  copper,  the  maximum  tensile 
strength  shifts  to  the  side  of  lower  contents  of  lithium  (see  Figure  95). 
Ductility  of  alloys  with  all  contents  of  copper  decreases  when  Introducing 
even  0. 7X  Li.  However,  sll  the  alloys  studied  which  contain  less  than  2.1Z 
LI  have  relative  elongation  greater  than  202. 

In  all  the  alloys  of  the  A1 — Cu — Li — Hn — Cd  system  studied  the  effect 
of  natural  aging  (7  days)  is  Insignificant,  less  than  5 kgf/ma2  in  tensile 
strength  (Figure  96,  b).  Ductility  of  naturally  aged  alloys  Is  practically 
the  same  as  that  of  freahly  quenched.  The  effect  of  artificial  aging  of 
alloys1  located  with  a quenching  temperature  in  a single-phase  field  Increases 
with  an  increase  in  the  content  of  both  copper  and  lithium.  With  transition 
to  a heterogeneous  field  this  effect  either  is  unchanged  or  decreases.  Maximum 

work  hardening  Is  observed  in  alloys  with  4--6X  Cu  and  1 — 1.42  Li  (25  kgf/am3). 

In  alloys  aged  at  165—170*  C of  the  Al— Cu—Li  system  with  additions 
of  cadmium  and  manganese  which  contain  0.8 — 1.5X  Li  and  4 — 61  Cu,  according 

to  data  of  work  (9]  (see  Figure  94)  and  the  authors  of  this  section,  besides 
segregating  6'  by  (100)^,  one  discovers  laminar  phase  Tj  by  (111)^.  The 
intermediate  structure  which  deformation  of  Tj  was  not  observed. 

With  a change  in  phase  composition  of  the  alloy  from  («  + O')  to 
(a  ♦ 9*  + Tj)  the  character  of  decomposition  changes:  from  a predominant 

segregation  of  S' -phase  along  the  grain  and  the  appearance  of  separate  com- 
pact particles  along  the  boundary  before  segregation  along  the  grain  of  phase 

lAll  alloys  were  aged  at  165*  C for  16  hr. 
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Tl  and  6'  and  eh«  formation  of  ductile  particles  Tj  along  a large  section  of 
high-angle  boundaries.  Segregation  of  Tg  in  the  process  of  aging  at  165 — 200* 

C was  not  observed.  A certain  change  in  the  forme  of  reflexes  of  the  8' 
phase  (the  appearance  of  asymmetrical  tails)  on  the  X-rays  of  nonocrystals 

of  a number  of  alloys  Al— Cu  -Li — Cd  was  evaluated  in  work  [9]  aa  a tendency 

toward  transition  of  6'  to  T • Segregation  in  the  alloys  with  similar  dlf- 

B 

fraction  patterns  was  called  6'^.  An  increase  in  strength  properties  with  an 
Increase  in  the  content  of  lithium  from  0.3  to  1.5X  in  ternary  and  nore 
complex  alloys  with  4 — 5X  Cu,  apparently,  la  explained  by  the  increase  in 
quantity  and  certain  breaking  up  of  the  6'  particles  by  possible  springy 
distortions  of  the  matrices  which  cause  transition  of  6'  to  TB  and  the 
formation  of  Tj  [95]. 

The  Introduction  of  up  to  2. IX  Li  In  alloys  of  the  Al — Cu — tta — Cd 
system  with  2X  Cu  continuously  increases  strength  (Figure  95).  Tensile 
strength  increases  particularly  noticeably  (by  M kgf/mn2)  from  the  addition 
of  0.7X  LI.  lelatlva  elongation  also  decreases  by  two  times  when  adding 
0.7X  LI.  further  Increase  la  the  concentration  results  in  a small  decrease 
la  ductility. 

Testing  at  125—250*  C showed  that  maximum  tensile  strength  at  all 
temperatures  and  aging  is  observed  et  the  same  concentrations  of  lithium  and 
copper  as  at  20*  C In  aa  artificially  aged  state.  Analogous  principles  were 
obtained  when  studying  long-term  strength  with  these  alloys  [10,  11]. 

Alloys  of  the  Al — Cu — Li — Mn — Cd  system  with  a content  of  4 — 5X  Cu  and 
0.7— 1. AX  Li  combine  high  strength  at  room  temperature  with  high  heat  resistance. 
The  general  corrosion  resistance  of  these  alloys  does  not  depend  on  the  con- 
tent of  copper  (la  limits  A— 6X)  and  lithium  (in  a range  0— 2X).  Alloys 
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aged  at  165*  C for  16  hr  are  not  Inclined  tovard  corrosion  under  stress  or 
loter-cryatalllns  corroalon. 

The  introduction  of  manganese  into  the  alloy  of  an  Al — Cu — LI — Cd 
aystaa  with  all  conditions  of  theraal  treatment,  except  annealed,  results 
in  a simultaneous  Increase  of  strength  and  ductility  (Figure  97).  The  maximum 
tensile  strength  in  an  artificially  aged  state  is  attained  at  0.8 — 1. OX  Mn, 
in  freshly  quenched  and  naturally  aged  stages— at  1.2 — 1.5%  Mn.  Maximum 
ductility  is  attained  in  all  three  states  with  a concentration  of  0.3 — 0.6% 

Mn.  The  principle  of  change  of  mechanical  properties  at  20*  C of  alloys  of 
the  system  with  varying  content  of  manganese  is  close  to  the  principle  of 
change  of  the  properties  of  alloys  of  type  D20  of  the  A1 — Cu — Mi  system  [16]. 


M/t,% 


figure  97,  The  Effect  of 
the  Content  of  Mn  on  the 
Mechanical  Properties  of 
Alloys  of  the  A1 — Cu — Li — 

Cd  System: 

1 — Annealed  state;  2 — Quenched;:  3 — Naturally 
aged;  4— Artificially  aged 

Kay:  a.  kgf/ma2 


1 Average  composition  of  alloys:  5.7%  Cu;  1.2%  LI;  0.15%  Cd. 


As  in  many  aluminum  alloys  when  canting  alloys  of  an  A1 — Cu — Li — Mn — Cd 

system,  manganese  forms  supersaturated  solid  solutions.  The  decomposlt''  of  a 
solid  solution  during  homogenization,  heiting  under  hardening  or  before  de- 
formation and  in  the  process  of  deformation  results  in  the  appearance  of 
fine  manganese  phases  with  dimensions  in  tenths  of  a micron.  The  presence 
of  manganese  in  an  alloy  slows  down  recrystallization.  Therefore,  semi- 
manufactured products  from  alloys  with  manganese  have  a finer  grain. 

The  addition  of  0.2 — 1.5 Z Mn  in  alloys  of  an  A1 — Cu — Li  system  hardly 
affect  hast  resistance  during  short' term  tests.  However  long- term  strength 
at  200*  C increases  sharply  due  to  the  addition  of  0.7 — 0.8%  Mn  which  involves 
apparently,  not  or.ly  the  change  in  the  aize  of  the  grain,  but  also  an  Increase 
In  heterogenizatlon  of  the  structure  as  a result  of  the  formation  of  dispersed 
manganese  particles. 

An  addition  of  0.05 — 0.20%  Cd,  as  in  alloys  of  an  A1 — Cu — Mn  system1 
sharply  Increases  strength  as  s result  of  an  increase  in  tha  effect  of  artificial 
aging,  aorne what  decreasing  ductility  of  tha  alloy  (Figure  98).  Tha  effect  of 
natural  aging  drops  noticeably.  This  la  explained  by  the  fact  that  tha  addition 
of  cadmium  dacraaaaa  the  dimensions  and  increases  the  number  of  segregations 
during  artificial  aging  and  slows  down  the  formation  of  the  GF  [Geksagonal ' nays ' 
plotnoupakovonnsya  (reshyetka).  Hexagonal  close-packed  (lattice)] 
during  natural  aging  [9].  The  introduction  of  0.08 — 0.3%  Cd  in  alloys  of  an 
A1 — Cu — Li — Mn  system  Increases  thalr  heat  resistance  and  than  tha  lower  the 
testing  temperature  the  greater  is  the  affect  of  the  addition  of  cadmium  [17]. 

Tha  introduction  of  up  to  0.3%  Ti  in  alloys  of  an  A1 — Cu — Li — Mn — Cd 

system  does  not  affect  the  mechanical  properties  at  room  and  increased 

Average  composition  of  alloys:  5.2Z  Cu;  1.2Z  Li;  0.6%  Mn. 
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Figure  98.  The  Effect  of  the  Cd  Content  on 
Mechanical  Propertlee  (a)  and  the  Effecte  of 
Thermal  Froceaelng  (b)  of  Alloys  of  an  A1 — 
Cu — LI — )fa  Spates: 

1 — Annealed  etate;  2 — Quenched;  3 — Naturally 
aged;  4— Artificially  aged 

Key:  A.  kgf/mm2 


temperaturea  for  short-term  elongation,  but  noticeably  increaeea  long-term 
etrengtb;  the  maxlmisi  la  attained  at  0.1— 0.2%  Ti.  The  preeence  of  alllcon  In 
alloya  of  thle  eyetea  (both  separately  and  In  combination  in  quantities 
greater  than  0.3Z  each)  decreaeea  strength  characteristics  at  room  and  Increased 
teaperatura  [17]. 

VAD23  alloy  (AMTO  [Avlataionnyye  mstallurglcbesklya  takhnlchesklye 
uslovlya.  Aviation  metallurgical  technical  specifications] 

506 — 69)  has  the  following  composition:  4.8— 5. 8K  Cu;  0.9— 1.4%  LI;  0.4— 

0.8%  Mn;  0.1—0.231  Cd;  admixtures  (not  more  than):  0.15%  Ti;  0.3%  Fe; 

0.3Z  Si;  0.1Z  Zn;  O.OSZMg. 


The  alloy  Is  quenched  at  520+5®  C In  water  (hot  spot  temperature  Is 
higher  than  530*  C) . Holding  during  heating  under  quenching  o£  pressed 
semimanufactured  products  must  be  cut  down  by  1.5—2  times  in  comparison 
with  instructions  for  series  alloys,  in  order  to  avoid  recrystallisation 
and  grain  growth.  One  should  keep  iu  mind  that  articles  with  fine  elements 
can  oxidise  during  heating.  This  result,  in  a decrease  both  in  strength  and 
in  ductility.  The  time  for  transfer  from  the  furnace  to  the  quenching  tank 
must  not  exceed  AO  s.  An  increase  in  temperature  of  the  quenching  water  to 
70*  C does  not  affect  the  mechanical  and  corrosion  properties  of  the  alloy. 
Quenching  in  hotter  water  or  in  liquid  nitrogen  decreases  both  strength  and 
ductility  of  the  alloy. 

The  effect  of  natural  aging  on  the  alloy  is  small.  The  effect  of  the 
length  of  time  of  the  aging  on  mechanical  properties  of  clad  sheets  la 
presented  in  Table  59. 


TABLE  59  MECHANICAL  PROPERTIES  07  SHEETS  07  VAD23  ALLOY  IH  VARIOUS  STATES 


Key: 

a. 

1. 

2. 

3. 

4. 


{J)  Coctohumc  MlTtpH*** 

4$^-- 

#,  S 

OtOlKHCMHO*  

23 

to 

20 

lECT«CT»eHHO  COCTipeNHOt  1 T«S«HMe; 

33 

14 

20 

2 <i  

Zu2  \!tc*ue»  

36 

IS 

18 

roao 

37 

23 

17 

GDI  .i«t  

38 

25 

15 

tflcKyccTBeiiHo  cocTapeHNoe  no  pewiiMy 
I60j-!0k 

54 

49 

5 

State  of  the  material 
Annealed 

Naturally  aged  for) 

2 hr 

2 months 


5.  1 year 

6.  7 years 

7.  Artificially  aged  according  to  the 
procedure  160*— 10  hr 

».  kgf/aa2 


The  kinetics  of  aging  of  various  semimanufactured  products  of  VAD23  alloy 
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are  practically  uniform  (Figure  99) . 


Figure  99.  The  Effect  of  Procedures  of 
Artificial  Aging  (Temperature  and  Holding 
Time  t)  on  the  Mechanical  Proper tiea  of 
VAD23  Alloys 

1—100*  C;  2—130*  C;  3—130*  C;  4—160*  Cj 
3—170*  Cj  6—180*  C{  7—200*  C 

Key:  a.  kgf/am2  b.  hr. 


At  100*  C,  the  procaaeea  of  work  hardening  of  the  alloy  occur  very 
elovly.  After  120  hr  the  tenella  strength  Increases  to  50  kgf/me2  and  the 
yield  point— to  36  kgf/am2,  not  reaching  maximum  value t ductility  le  practically 
unchanged  and  remains  at  a high  level  (6  - 16—202).  The  relationship 
00. 2/^  is  also  practically  unchanged  and  equals  0.71—0.72.  At  this  tem- 
perature) In  the  time  Intervals  studied  Ir.  the  alloy,  appsrently,  there  Is  a 
sons  stags  of  aging. 
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At  temperatures  of  130—140*  C the  processes  of  work  hardening  accelerate 
somewhat:  after  120  hr  tensile  strength  increases  to  54—60  kgf/nua2,  and  the 

yield  point— to  51  kgf/mm2.  The  relationship  of  cr  /a_<  0.7  with  holding  up 
to  12  hr,  with  greater  leugth  of  holding  <18—30  hr)  o0>2/oB  ■ 0.73—74,  a 
further  increase  in  holding  results  in  a sharper  growth  in  the  relationship 
a0.2/°B  end  after  120  hr  it  reaches  a value  of  0.9—0.93.  In  semimanufactured 
products  aged  at  140*  C for  18—30  hr,  one  observes  a tendency  toward  corrosion 
under  strees.  The  ductility  of  alloys  during  long-term  aging  up  to  30  hr  is 
high  (6  ■ 14— 20X;  ■ SOX)  and  la  practically  unchanged  with  an  Increase  in 

holding  tile.  The  work  site  of  breakdown  of  samples  with  cracks  with  Impact 
bending  is  als,'  large  (a£  - 1.2— 1.5  kgf  m/cm2). 

If  aging  time  exceeds  30  hr,  the  characteristics  of  ductility  dacreass 
sharply— by  1.5—2  times.  Electric  resistance  at  140*  C with  holding  lesa  than 
12  hr  increases  somewhat,  but  when  the  length  of  time  of  aging  is  Increased  up 
to  30  hr  it  decreases  below  the  initial  level  and  does  not  change  with 
further  increase  in  holding  time  up  to  96  hr.  By  comparing  the  data  obtained 
with  the  general  principles  of  change  of  properties  during  aging  of  aluminum 
alloys  [18,  p.  316)  one  can  corns  to  the  conclusion  that  at  temperatures  130— 
140*  C up  to  holding  of  12  hr  processes  primarily  occur  which  correspond  to  the 
sons,  with  holding  14—30  hr — mixed,  and  with  longer  holding  times — pri- 
marily a phase  stage  of  aging.  However,  even  after  aging  for  120  hr, max- 
imum strength  le  not  attained. 

With  higher  temperatures  of  150—200*  C work  hardening  of  the  alloy  is 
accelerated  even  morat  maxi mums  appear  on  the  kinetic  curves  of  aging  (see 

Figure  99).  With  an  Increase  in  temperature  the  time  for  reaching  maximum 
strength  is  cut  down.  The  time  for  attaining  maximum  tensile  strength  and 
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maximum  yield  point  are  the  same.  Minimum  ductility  for  each  temperature  Is 
attained  In  a shorter  time  than  la  maximum  strength.  The  higher  the  aging 
temperature  the  lover  are  the  maximum  strength  characteristics  of  the  alloy, 
the  relationship  0o,2/aB  and  the  higher  the  minimum  values  of  ductility. 

After  aging  at  a temperature  of  220*  C and  holding  for  0.5  hr  and  more 
one  observes  only  recrystalllcatlon  by  process  annealing. 

Thus,  sons  aging  at  a temperature  of  160*  C la  short  term  (1  hr),  and 
at  170*  0 it  occurs  even  more  quickly. 

During  holding  times  studied  this  stage  apparently  vas  not  observed. 

The  aging  stage  of  pressed  semimanufactured  products  of  VAD23  alloy  are 
presented  in  the  form  of  a diagram  in  Figure  100. 


Figure  100.  Temperature-time  Fields  of  Aging 
for  VAD23  Alloy: 

1 — Zone  aging;  2 — Mixed;  3 — Principally  phase 
Key:  a.  hr. 

Phase  aging  of  7AD23  alloy  before  attatlnlng  maximum  strength  causes 
uniform  decomposition  of  the  solid  solution  vith  the  formation  of  ductile 
segregations  6'  and  T;  vlth  diameter  600—900  A (Figure  101).  Along  most 
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Figure  101.  Th«  Microstructure 
of  Shaal  VAD23  Alloy  After  Aging 
at  160*  C for  16  hr  X 21500 


boundaries  thara  ora  aagragatlona  in  tha  fora  of  dotted  linaa.  A sona  forma 
on  tha  bounder laa  which  la  depleted  of  alloying  components  and  therefore  la 
free  of  aagragatlona . An  Increase  in  aging  temperature  from  160  to  200*  C, 
and  also  the  application  of  additional  long  term  heating  results  In  embrittle- 
ment  of  particles,  a decrease  in  their  number  per  unit  of  volume  and  expan- 
sion of  tha  free  cone.  This  facilitates  relaxation  of  stresses  and  somewhat 


ductility  with  a decrease  in  strength. 


Depending  on  operating  conditions  for  the  articles  made  from  VAD23 
alloy  it  is  recommended  that  one  use  three  aging  procedures.  The  first 
procedure  (140*  C,  18 — 24  hr)  provides  Increased  duetillty  and  is  intended 
for  ertldea  which  operate  at  room  temperature.  Tha  second  procedure  (160*  C, 

10 — 16  hr)  give  maximum  characteristics  of  strength  with  somewhat  lower  ductility 
and  is  recommended  for  articles  for  short-term  operation  at  room  temperature 
or  increased  temperatures.  The  third  procedure  (200—220*  C,  6—13  hr)  leads 
to  relative  stabilisation  of  the  structure  and  properties  of  the  alloy  and  is 

recommanded  for  articles  for  long  term  operation  at  increased  tenperatures.  The 
mechanical  properties  of  aged  amnlmafcufactured  products  are  presented  in 
Table  60. 
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TABLE  60  MECHANICAL  PROPERTIES  OF  SEMIMANUFACTURED  PRODUCTS  OF  VAD23  ALLOY  AT 
ROOM  TEMPERATURE  AFTER  VARIOUS  AGING  PROCEDURES 


0 

JJptXtMM  CTiptHNA  | 

*** 

4.  % 

»yp».  *o 

lptlM,  « 

(DnpodtMH  npMCOIIHHkM  TOH- 

set  * 

M0 

160 

200 

16 

10 

7 

48- 52 
52-00 

49— 52  j 

36-42 

45—55 

40-45 

8-12 

4- 8 

5- 7 

(£)  npofuN  npaccoMNMiM  spy  n- 
sonupsTNUs  * 

140 

160 

200 

18 

10 

7 

50-67 

58—66 

49-57 

40 — 48 
54-60 
42-51 

10-15 

5-9 

7-9 

^yiscm  HCnjIlKHpOSAHHHft  ** 

140 

160 

200 

1 

18 

10 

7 

48- 52 
55—60 

49- 52 

37-44 

48-53 

40—45 

1 1 1 

K*yj 

a.  Type  of  semimanufactured  products  1,  Praaaad  thin  sections* 

b.  Aging  procedure  2.  Pressed  large  scale  sections* 

c.  Temperature,  "C  3.  Unclad  sheet** 

d.  Tima,  hr 
a.  kgf 

Notation.  Semimanufactured  products  aged  by  the  second  and  third 
procedures  do  not  have  a tendency  toward  corrosion  cracking  or  intercrystallina 
corrosion. 


*Langthviaa  direction 
**Crosswlaa  direction 

Long  term  heating  (up  to  3000  hr  at  30*  C)  of  pressed  semimanufactured 
products  aged  at  140"  C for  18  hr  does  not  result  in  a decrease  in  the  ductility 
the  alloy.  Strength  characteristics  Increase  by  4 — 3 kgf /mm2.  Beating  at 
70*  C for  up  to  1000  hr  gives  the  same  results  and  for  a greater  length  of 
time  (3000  and  3000  hr)  relative  elocution  decreases  approximately  by  two 
times. 
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For  articles  which  operate  at  increased  temperatures  it  is  important  to 
take  into  account  the  affect  of  operational  heating  on  the  mechanical  pro- 
perties of  the  material. 

Experimental  data  obtained  shoved  that  both  reduced  strength  and  strength 
at  123*  C of  presaed  semimanufactured  products  from  VAD23  alloy  which  are 
traatud  by  two  aging  procedures  (160*  C,  10  hr  and  200*  C,  7 hr)  are  practically 
unchanged  after  heating  at  123*  C for  20000  hr  (Figure  102). 


Figure  102.  The  Effect  of  Heating  on  Hechanlcal 
Propertlea  of  Thin  Pressed  Sectlona  Aged  at  160*  C 

for  10  hr: 

a--1 Tasting  at  20*  C;  b— Testing  at  heating  tem- 
perature: 1—123*  C;  2—130*  C{  3—175*  C;  4— 
193*  Cj  5—225*  C 

Kay:  A.  kgf/cm2  B.  kgf/mm2 

C.  hr 


Sections  aged  at  160*  C have  an  advantage  in  strength  characteristics.  How- 
ever their  relative  elongation  and  work  breakdown  of  aamplee  with  cracks  in 
a range  of  1000—10000  hr  is  decreeeed.  In  sections  aged  at  200*  C,  the 
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decrease  in  ductility  is  not  observed. 

Heating  at  higher  temperatures  (150 — 200*  C)  results  in  a certain 
recrystalllsatlon  by  process  annealing. 

It  is  necessary  to  note  the  more  intense  decrease  In  strength  after 
heating  semimanufactured  products  aged  according  to  the  procedure:  200*  C, 

7-- 10  hr.  Tensile  strength  of  the  sections  after  heating  1000  hr  at  tem- 
peratures ISO  and  175*  C decreases  by  2 — 4 and  152,  and  semimanufactured 
products  aged  according  to  a procedure  of  160*  C for  10  hr  by  8 and  282, 
respectively. 

Pressed  semimanufactured  products  made  from  VAD23  alloy  are  distinguished 
by  high  long-term  strength  and  resistance  to  creep.  Unclad  sheet  In  heat 
resistance  Is  close  to  pressed  semimanufactured  products.  However,  clad 
sheet  has  lower  characteristics  of  heat  resistance  both  in  shortrtarm  and  in 
long  term  tests. 

Corrosion  resistance  of  unclad  semimanufactured  products  of  VAD23  alloy 
is  the  same  as  i for  unclad  semimanufactured  products  of  D16  alloy.  Xt  is 
necessary  to  protect  the  alloys  from  corrosion  by  anodising  with  an  application 
of  paint  or  varnish  coatings. 

VAD23  alloy  deforms  wall  in  a hot  state.  And  from  it  one  can  make  all 
types  of  pressed,  rolled  and  forged  semimanufactured  products. 

The  characteristics  of  deformation  capability  of  the  alloy  in  annealed  and 
naturally  aged  states  differ  very  little  from  each  other.  In  an  annealed 
state  the  alloy  in  properties  is  close  to  D16M  alloy.  The  alloy  aged  at  140*  C 
for  18  hr  has  a much  greater  ductility  than  after  aging  at  160  and  200*  C. 

VAD23  alloy  is  satisfactorily  welded  in  spot  and  seam  welding. 
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2.  Structural  Alloy  014201 


Aluminum,  deformable,  thermally  work-hardened  alloy  01420  balonga  to 
the  A1 — Kg — Li  ayatea.  Tha  Introduction  of  aagneslua  and  lithium  In  the 
aluainua  paralttad  obtaining  a material  with  a epee if ic  weight  decreaeed  by 
11%  in  coaparieon  with  016  alloy  and  «*  aodulua  of  elaatlclty  lncreaaed  by 
4%.  In  apaelflc  strength  at  room  teaperature  alloy  01420  ia  better  than  D16T 
alloy  and  in  corrosion  resistance  is  close  to  AMg4K  alloy.  Pressed  and 
rolled  aenlaanufactured  products  are  nada  froa  it. 

Alloys  of  tha  A1 — Mg — Li  system  were  studied  in  detail  in  1952  by 
F.I  Shaaray  [19].  Ha  established  that  alloying  A1 — Mg  ayataa  alloys  with 
llthlua  has  little  effect  on  their  mechanical  properties  and  does  not  result 
In  the  appearance  of  effects  of  Charnel  treatment.  Tha  author  cane  to  tha 
conclusion  that  developing  new  Industrial  compositions  on  this  bases  was  not 
promising. 

As  a result  of  a research  on  scries  binary  A1--L1  and  certain  ternary 
A1 — Mg— Li  alloys  with  a low  content  of  aagneslua  done  in  1959  [20] 
noticeable  work  hardening  waa  observed  during  artificial  aging.  However, 
strength  properties  of  thaaa  alloys  even  after  thermal  treatment  remained 
very  low. 

In  1945  I.N.  Fridlyander,  V.F.  Shaaray  and  M.V.  Shlryaeva  [21]  discovered 
a large  concentrated  field  of  alloys  of  the  AI— Mg--Ll  ayetea  which  were 
distinguished  by  a considerable  effect  of  work  hardening  after  artificial 
aging  and  adequately  high  strength  properties.  However,  the  ternary  alloys 
had  low  corrosion  resistance.  An  Increase  la  corrosion  resistance  waa 


^Authorat  I.M.  Fridlyander,  M.V.  Shlryaeva,  B.V.  Tyurin,  V.S.  Sandler. 


attained  by  the  additional  introduction  of  manganese,  zirconium  and  silicon. 

This  resulted  in  the  creation  of  industrial  alloy  01420,  patented  In  a num- 
ber of  countries. 

In  equilibrium  with  aluminum  solid  solution  In  an  A1 — Mg — Li  system  [19, 

21,  22]  there  are  the  following  phases: 

1)  Mg2Als  (9)  cubic  («  - 28.2  A)} 

2)  Mg|^li2  (y)  cubic  type  a-Hn  (a  ■ 10.52  A); 

3)  HgLIAlj  (8)  cubic  (a  - 20.2  A)j 

4)  A1L1  («)  cubic,  B 32  <a  - 6.37  A). 

In  work  [21]  the  phase  field  («$  + Mg17Al12)  did  not  fall  Into  a number 
of  studies  with  the  temperatures  and  concentrations  taken. 

The  figurative  field  of  alloy  01420  In  concentrations  of  magnesium  and 
lithium  on  isothermal  cross  sections  of  the  A1 — Hg — Li  diagram  at  quenching 
and  at  aging  temperatures  Use  In  phase  fields  where,  with  a colid  solution, 
phases  S and  Mgi7Ali2  can  coexist. 

The  phase  composition  of  alloys  of  the  A1 — Kg — Li  system  has  a strong 
effect  on  their  mechanical  properties  (Table  61,  Figure  103). 

Alloys  which  are  located  In  fields  belonging  to  a binary  A1 — Hg  system 
(fields  a end  a + 0)  at  the  quenching  temperature  are  not  work  hardened  by 
thermal  processing  and  have  a tensile  strength  not  greater  than  alloys  of  the 
magnallum  type.  Alloys,  which  at  quenching  temperature  are  located  in  fields 
(a  + 6)  and  (a  ♦ 8),  are  thermally  work  hardened  and  have  strength  on  the  order 
of  43  kgf/nm2.  The  effect  of  thermal  treatment  amounts  to  10—13  kgf/am2. 

Work  hardening  la  the  aging  process  at  temperatures  50—200*  C of  binary 
low-alloy  alloys  of  aluminum  with  lithium  [20$  9],  ternary  alloys  which 
contain  3 — 62  Mg  and  more  than  1.6Z  LI  [23,  24],  is  determined  by  the  segregation 
of  spherical  particles  of  4 '-phase  with  a dimension  of  several  hundredths  of 


TABLE  61  THE  MECHANICAL  PROPERTIES  OF  ALLOYS  OE  THE  Al~ Mg— Li  SYSTEM  STUDIED 
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&ng*trdms.  This  superstructure  type  CU3AU  on  a base  g.  ts.  k.  [Granetsentrirovanaya 
kublchsskaya  (reshyetka),  Fece-centeied  cubic  (lattice)] 
of  aluminum  lattice  primarily  of  the  composition  AI3LI  Is  detected  as  an 
Intermediate  structure  in  the  aging  of  alloy  A1 — 2.2%  LI.  A decrease  In 
the  effects  of  thermal  treatment  with  a decrease  in  the  content  of  lithium 
In  ternary  alleys  of  the  system  is  explained  by  the  absence  or  lower  Inten- 
sity of  segregation  of  the  6* -phase. 

Alloys  of  the  Al— Mg — Li  system  are  not  work  hardened  by  natural  aging. 
Corrosion  resistance  of  alloys  located  in  the  field  (01  + S)  after  quenching 
and  artificial  aging  Is  very  low:  the  loss  of  strength  of  alloys  after 

testing  over  3 months  in  a 3%  solution  of  NaCl  with  the  addition  of  0.1% 

H2O2  after  quenching  in  water  and  artificial  aging  approach  90—95%,  after 
quenching  in  air  after  artificial  aging— lees  than  25%  and  corrosion 
disintegration  under  stress  occurs. after  B— 15  days. 

The  addition  of  manganese,  zirconium  and  titanium  increases  strength 
characteristics  of  sheet  and  pressed  semimanufactured  products  made  from 
Al— Mg— Li  alloys  end  also  improves  their  corrosion  resistance  (Table  62,  63). 
Additions  of  manganese  and  zirconium  Improve  mechanical  properties  of  semi- 
manufactured products  to  c considerably  greater  degree  than  does  titanium. 

The  introduction  of  manganese  (0.4 — 0.8%)  in  the  alloy  Al — 5.5%  Mg— 2% 

Li  reeulta  in  the  formation  of  aurplua  manganese  lntermetelllc  coumpounde  of 
complex  composition.  Moreover,  with  the  use  of  an  electronic  microscope  one 
observes  uniformly  distributed  fine  manganese  phases  with  dimensions  01— 

0.2  microns.  (Their  quantity  amounts  to  several  volumetric  percents  e£  the 
alloy).  They  form  es  a reault  of  decomposition  of  the  solid  solution  of  super- 
saturated manganese  after  crystallization  of  the  ingots. 


TABLE  62  THE  EFFECT  OF  MANGANESE,  ZIRCONIUM  AND  TITANIUM  ON  MECHANICAL  PROP- 
ERTIES OF  PRESSED  STRIP  MADE  FROM  ALLOTS  OF  THE  Al— Mg— Li  SYSTEM 
< QUENCHED  AT  450*  C AND  AGED  AT  170*  C FOR  16  HR 
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5.1 
8,0 
13.0 
9,5 

Kay 

a.  Chemical  composition,  X (by  mess)  c.  Quenching  In  air 

b.  Quenching  in  water  d.  kgf 


TABLE  63.  THE  EFFECT  OF  MANGANESE,  ZIRCONIUM  AND  TITANIUM  ON  CORROSION  RESIS- 
TANCE OF  PRESSED  STRIP  MADE  FROM  ALLOYS  OF  THE  Al— Mg— Li 
SYSTEM  QUENCHED  AT  450*  C AND  AGED  AT  170*  C,  16  HR 
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Kay: 

a.  Chemical  composition  d.  Avrrage  time  before  disintegration, 

b.  Type  of  quenching  days** 

c.  Loee,  X*  1.  In  air 

2.  In  water 


* Teatlug  in  a solution  of  3X  NaCl  + 0.1X  H2O2. 

**  Tatting  for  the  tendency  to  corrode  under  stress  (stress  0. 900,2) 
in  a 3X  solution  of  NaCl  with  periodic  submersion. 
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The  addition  of  up  to  0.15X  Zr  in  a ternary  alloy  close  to  the  compoel- 
tlon  described  above  decreases  solubility  of  magnesium  and  lithium  in  aluminum. 
Therefore  in  distinction  from  a composition  with  manganese,  after  quenching  at 
450*  C the  large  quantity  of  undlssolved  particles  in  the  structure  of  the 
semimanufactured  products  is  decreased,  apparently,  of  equilibrium  compounds  of 
aluminum  with  magnesium  and  lithium  with  dimensions  0.1— 0.3  microns.  Dis- 
solving of  the  particles  occurs  at  500—540*  C. 

The  introduction  of  manganese,  zirconium  and  also  ctnomlum  (less  than  0.15X) 
each  separately  or  in  combination  slows  down  recrystallisation.  Strength 
properties  of  semimanufactured  products  than  essentially  improve  and  relative 
elongation  drops.  Corrosion  resistance  is  improved  considerably.  The  nature 
of  work  hardening  in  the  process  of  thermal  treatment  of  these  complex  alloy 
compositions  la  analogously  described  in  literature  for  ternary  alloys. 

The  results  of  reseat ch  on  the  effect  of  magnesium  (in  ranges  5.0— 

6. OX)  and  lithium  ( 1.6— 2. 3Z)  with  0.11X  Zr  show  that  with  one  and  the  same 
content  of  lithium  the  change  of  concentration  of  magnesium  has  very  little 
effect  on  the  mechenlcal  properties  of  semimanufactured  products  of  alloys 
from  an  A1 — Li — Kg— Cr  system  in  an  artificially  aged  state.  An  increase  in 
content  of  lithium  from  1.5  to  2.4Z  sharply  changes  the  mechanical  properties: 
tensile  strength  and  yield  point  increase  by  10—14  kgf/tam2,  relative  elonga- 
tion decreaead  by  12Z  (Table  64). 

Research  on  the  effect  of  lithium  and  magnesium  on  corrosion  reslstaaca 
showed  that  A1 — Li — Mg — Zr  alloys  with  a content  of  up  to  1.8X  Li  have  low 
resistance  to  corrosion  under  stress.  When  the  content  of  lithium  is  1.9X 
higher,  the  Al— Li— Kg— Zr  alloys  are  not  inclined  to  corrosion  cracking.  An 
addition  of  magnesium  in  ranges  5.0— 6. OX  does  not  affect  resistance  to 


TABLE  64  THE  EFFECT  OF  LITHIUM  AND  MAGNESIUM  ON  THE  MECHANICAL  PROPERTIES  OF 
PRESSED  STRIP  MADE  FROM  ALLOYS  OF  THE  Al— Mg— Li—Cr  SYSTEM  QUENCHED  AT  450*  C 

AND  AGED  AT  170*  C,  16  HR 
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Kay: 

a.  Content  X (by  aaaa)  c.  Quenching  In  air 

b.  Quanchlng  in  wafcar  d.  kgf/msr 


corrosion  under  strata  (Tabla  65). 


TABLE  65  RESISTANCE  TO  CORROSION  UNDER  STRESS  OF  PRESSED  STRIP  MADE  FROM  ALLOYS 
OF  THE  Al — Mg — LI — ZrSYSTEM  IN  A 3X  SOLUTION  OF  NaCl  WITH  PERIODIC  SUBMERSION 
(QUENCHING  AT  450*  C AND  AGING  AT  170*  C,  16  HR) 
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b.  Typa  of  quenching 

c.  Avaraga  time  bafora  breakdown, 

days 


1.  In  air 

2.  In  water 


Whan  manufacturing  aluminum  alloys  thure  Is  an  Inevitable  accompaniment 

of  admixtures  of  iron,  silicon  and  sodium  which  have  a considerable  affect  on 

technological  strength  and  corrosion  propartlas  of  materials.  The  results  of 
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research  on  the  effect  of  iron  showed  that  up  to  0. 7Z  Fe  does  not  change  the 
mechanical  properties,  does  not  worsen  corrosion  under  stress,  but  strongly 
decreases  corrosion  resistance.  Silicon  in  quantities  less  than  0.3X  does 
not  affect  tensile  strength  of  Al— Li — Mg— Zr  alloys.  Increases  the  yield 
point  by  4 kgf/mm2  and  decreases  relative  elongation  by  5X.  For  obtaining 
satisfactory  corrosion  strength  of  Al— Li— Mg— Zr  alloys  they  nust  contain 
no  lass  than  0.1X  S. 

Research  on  the  effect  of  sodium  in  ranges  0.005  and  0.01X  in  a tem- 
perature range  of  20—475*  C on  the  properties  of  an  alloy  which  contains 
5%  Mg,  1.9X  LI,  0.11X  Zr,  showed  that  this  elenent  sharply  decreases  relative 
elongation  and  tensile  strength  of  the  alloy.  Obviously,  in  this  case  sodium  act'd 
as  it  does  in  alloys  of  the  Al— Mg  system  in  which  it  also  has  an  extremely 
unsuitable  effect  on  ductility  in  the  temperature  range  of  deformation.  The 
presence  of  sodium  in  alloys  with  lithium  cauqas  their  embrittlement:  during 

quenching  cracks  appear;  thermal  treatment  does  not  have  an  effect  on  the 
alloy. 

On  the  basis  of  research  done  the  optimum  chemical  compoaltlon  of  alloy 
01420  was  established:  base  Al,  5.0—  6.0X  Mg)  1.9— 2.3%  Lit  0.09— 0.151  Zr; 

0.1— 0.3Z  Si;  admixtures  not  more  than:  0.3X  Fe,  0.1X  Ti,  0.3X  Mi,  0.005X  Na 

[18,  p.  42,  p.  335 { 25—27]. 

No  change  was  observed  in  mechanical  properties  with  alloy  01420  In  the 
process  of  aging  at  room  temperature.  At  temperatures  50—160*  C the 
curves  of  strength  properties  increased  monotonlcally  up  to  a holding  time  of 
100  hr,  and  at  180- >300*  C after  maximum  approached  recrystslllsatlon  by  a 
process  of  annealing  (Figure  104). 
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Figure  104.  The  Change  in  Tamila 
Strength  (a),  Yield  Point  (b)  and 
Relative  Elongation  (c)  in  tha  Pro- 
eaaa  of  Aging  Sactiona  Made  from 
Alley  01420: 

1 — 70;  2—120;  3—140;  4—170; 

3—190;  6—230;  7—300*0 

Kay:  a.  kgf/mm*  h.  t,  hr.  c.  min. 


Ralatlva  elongation  drop*  corraaponding  to  an  increase  in  strength 
properties.  Aging  at  170*  C for  8—24  hr  results  in  obtaining  maximum  strength 
properties,  and  at  120“  C ter  12—48  hours  one  obtains  improved  ductility 
with  a certain  decrease  in  strength. 


i 
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Work  hardening  of  an  alloy,  apparently,  ie  connected  to  an  Increaae  in 
the  quantity  and  dimensions  (within  apacific  lialta)  of  particlaa  of  the  5'~ 
phaaa  (Figure  105).  Thua,  if  after  16  hr  of  aging  the  diaaatar  of  the  par- 
ticlaa la  50—150  X,  than  after  100  hr,  100—300  X.  During  decomposition 
of  the  solid  eolutlon,  baaidaa  the  6 '-phase,  there  fora  and  increase  thin 
segregations  along  ths  boundaries  and  coapact  crystal  face  particles,  ap- 
parently, equlllbrlua  phaaa  or  phase.  In  alloy  01620  with  aagnasiua,  without 
slrconlua,  these  phases  era  formed  mainly  along  inter-phase  boundaries  of 
manganese  particles  (Figura  105).  Racrystalllsation  by  process  annealing 
during  aging  is  connected  to  anlargeaent  and  nainly  to  dissolving  of  the 
6* -phase  which  occurs  because  of  depletion  of  the  solid  solution  during  in- 
tensive formation  and  growth  of  stable  segregations  which  contain  llthiua.  In 
tha  process  of  aging,  aonotonlc  dacraaas  in  electric  resistance  occurs  (Figura 


107). 


t 


Figura  105.  Dark-filled  Micro-  . 
photography  (a)  and  Eloctrono- 
gran  (b)  of  a sheet  of  01620 
Alloy  with  Magnesium  Aged  at  1 
170*  C for  100  hr  K 35000  [ 


Figure  106.  The  Mlcroetructure  of  e Sheet 
of  01420  Alloy  with  Menganeee  Quenched  et 
450*  C tn  Water  end  Aged  et  170*  C for  100 
hr  (Oxide  hcpllca) . ti  14500 


t 


Figure  107.  A Change  In  Electrical  Resis- 
tance of  Alloy  01420  (Pressed  Section) 
Quenched  froa  450*  C In  Water,  In  the  Pro- 
cess of  Aging  at  teEperatureat 

1—70|  2—90}  3—120;  4—140}  5— 170*C 

Kay  i A.ofan^saft2  B.  hr. 


-33- 


Alloy  01420  has  an  Increased  modulus  of  elasticity  7500  kgf/mm2.  It  is 
known  that  the  modulus  of  elasticity  of  alloya  changes  usually  approximately 
additively  depending  or  the  slsa  of  the  modulus  of  elasticity  of  the  components 
and  thalr  content  In  the  alloy.  The  else  of  tha  modulus  of  elasticity  of 
aluminum,  magnesium  and  lithium  respectively  la  7100,  4300  and  500  kgf/om2. 
Aluminum-magnesium  alloys  have  a modulus  of  elasticity  which  decreases  to 
6900  kgf/mm2.  Alloys  In  the  A1 — Mg — Li  system  In  spite  of  an  extremely  low 
corresponding  characteristic  for  lithium  have  a modulus  of  elaatleity  consider- 
ably higher;  consequently,  these  alloya  have  an  anomalously  high  modulus  of 
elasticity. 

The  typical  mechanical  properties  of  semimanufactured  products  made  from 
alloy  01420  suuiufactured  under  Industrial  conditions  are  presented  In  Tables  66 
and  67. 


TABU  66  TYPICAL  MECHANICAL  PB0PEBT1I8  OF  SEMIMANUFACTURED  PRODUCTS  QUENCHED 
IN  AIR  AND  AGED  AT  120*  C,  24—12  HE 
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Key: 

a.  Semimanufactured  products 

b.  kfg 

1.  Stamped  waffled  panel  (barrel. 


lengthwise  direction) 

2.  Pressed  section 

3.  Sheet  (crosswise  direction) 


ST'? 


TABLE  67  SENSITIVITY  TO  CONCENTRATIONS  OF  STRESS*  OF  SEMIMANUFACTURED  PRODUCTS 
QUENCHED  IN  AIR  AND  AGED  AT  120*  C FOR  24  HR 
(S.X.  Klshklna,  T.K.  Ponarlna) 
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Kays 

a.  Semimanufactured  produce*  2.  Praaaad  aactlon  (thlckaaas  of  tha 

b.  kgf/ma2  rack  1.3— 3.0  mm) 

1.  Staapad  waffled  panel  (barrel)  3.  Sheet  ehlcknaaa  1.5— 2.0  an 


Sheet*  of  alloy  01420  with  a ehlcknaaa  2.5  on  during  touting  for  coapre**lon 

and  warping  have  the  following  characteristics i _ 

- 7700  kHmm*-,  o_m  « 20  «.»,»  - 28,6'  oBi4cm  - 

am  36  kHMM 


Waffled  panel  during  taatlng  for  twisting  and  shear  strength  have  the 

following  properties < . 

G - 2860  «r/aa»;  p - 0,31 ; t*  - 13  xT/mm*-, 

T,  -37  KflMM'',  t,p  - 27  itr/MM*. 


Figure  108  shows  the  curve*  of  fatigue  and  static  strength  of  semimanu- 
factured products  made  from  alloy  01420. ■ 

Corrosion  resistance  of  tha  alloy  In  a T1  state  Is  the  sene  as  for  alloy 
AMG6M.  In  quenched  relatively  homogeneous  material,  anticorrosion  properties 
are  considerably  greater.  After  aging  in  semimanufactured  products  with  a 


♦Concentrator— aperture  diameter  3 mat,  ratio  of  the  width  of  the  working 
part  of  the  sample  to  the  diameter  of  the  aperture  b/a  * 5. 


Figure  108.  Curves  of  Fatigue  (a)  (Pur*  Banding 
During  Rotation  of  Circular  Samp lea)  and  Static 
Strength  (b)  (Flat  Saaplaa  with  Apertures)  of  Press- 
ed Sealaanufactured  Products  Kade  froa  Alloy  01420 
in  Comparison  with  Othsr  Alloys;  According  to  the 
Data  of  the  Authors  and  S.Z.  Klshklna  and  Co- 
workers : 

1— Alloy  Did  (o.  - 44  kgf/ea2);  2—01420  (o_  - 50  kgf/aa2); 
3—VAD23  (o.  - 58  kgf/aa2)  { 4— V95  (cl  • boNgf/aa2); 
5—01420,  rainforced  with  vibration  cold ‘her dining 

Kay i A.  Haxlaua  stress,  kgf/aa2  B.  Number  of  cycles 
before  disintegration  H C.  t>My,  kgf/aa2 


recrystallised  structure  the  Intercrystalline  corroelon  grows,  often  in  a 
type  of  delaalnatlon.  This  process  is  controlled  by  segregation  in  the  fora 
of  dotted  l'.nae  or  sublayers  along  the  boundaries.  A decrease  in  the  rats 
of  quenching  (for  exaaple  in  hot  aedis,  in  air)  slows  down  the  boundary 
decoapoaltl >n  and  increases  resistance  to  the  corrosion  under  stress.  Seai- 
aanufsetured  products  with  partially  racrystalllsed  structure  are  subject  to 
lntsrcrystalllns  corrosion  to  a lesser  degree  because  one  does  not  observe 
foraation  of  thiu  dotted  11ns  segregation  along  the  sub' ’boundaries. 

Research  on  the  technological  properties  of  alloy  01420  during  the  manu- 
facture of  parts  froa  sheets  and  sections  showed  that  pressed  sections  in 
a quenched  state  are  characterised  by  high  technological  properties  for  banding, 


cutting,  levelling.  One  can  manufacture  fairly  complex  parte  from  sections. 
Sheets  made  of  alloy  01420  In  a quenched  state  have  technological  character- 
istics which  are  lower  then  those  of  D16T  alloy.  One  can  make  parts  from 
sheets  of  alloy  01420  with  a smaller  degree  of  deformation  for  one  transition. 
The  manufacture  of  complex  parts  by  stamping,  sheathing  with  double  curves 
stretched  on  the  press  or  knock-out  parts  must  be  produced  in  several  passes 
using  lntsroperatlonal  quenching.  7or  obtaining  maxima  ductility  it  is 
recommended  that  one  quench  in  water.  7or  final  thermal  processing  of  parts 
made  from  alloy  01420  for  obtaining  satisfactory  corrosion  resistance  quench- 
ing in  air  is  desirable. 

The  use  of  alloy  01420  in  structures  showed  that  articles  of  equal 
value  from  alloy  01420  are  10 — 15X  lighter  than  those  from  alloy  D16.  The 
decrease  in  weight  la  attained  as  a result  of  i losing  the  specific  weight 
of  alloy  01420  while  retaining  the  strength  level  of  alloy  D16.  An  analogous 
decrease  in  weight  of  structures  when  using  high-strength  alloys  with  increased 
specific  weight  Is  fairly  complex  to  attain  because  a number  of  technological 
end  design  limitations  exist  for  minimum  thickness  of  parts.  Moreover,  one 
has  to  take  into  account  the  fact  that,  by  far,  not  all  the  elements  of  the 
structure  will  have  maximum  load. 
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